Introduction
Sex is a biological variable that affects immune responses to foreign antigens, including bacterial challenges. The sex of an individual is defined by the differential organization of sexual chromosomes, reproductive organs, and sex steroid levels and is distinct from gender, which includes behaviors and activities that are determined by societal or cultural cues among humans. Male and female differences in immunologic responses may be influenced by both sex and gender, with sex contributing to physiologic and anatomic differences that influence exposure, recognition, clearance, and transmission of bacteria and viruses (Rettew et al. 2010; Klein and Flanagan 2016) . In contrast, gender can reflect behaviors that influence exposure to bacteria, access to health care, or health-seeking behaviors that affect the course of infection. Although we acknowledge that sex and gender both influence the immune response, this review focuses on the sex-based biological factors that influence immunologic differences as they affect oral bacterial diseases. Despite a growing body of literature illustrating sex-based differences in immune responses, immunology ranks the lowest of 10 biological disciplines for reporting the sex of animal or human subjects in published papers, with <10% of articles analyzing data by sex (Klein and Flanagan 2016) . The field of sex-based biology has been going through a revolution since 2015, when research funding agencies and periodicals initiated new policies to promote greater consideration, reporting, and analyses of sex and gender in the biomedical sciences in an effort to improve rigor and reproducibility (Collins and Tabak 2014; Clayton 2016) .
It is increasingly important to acknowledge sex differences in immune responses in the impact of alveolar bone homeostasis when we consider the marked differences seen between males and females in oral bacterial diseases. In this review, we explore the current knowledge regarding immunologic differences between the sexes as reflected by hormonal, genetic, and environmental impacts on the immune system that can change throughout life and alter susceptibility to common oral infections. Specifically, we review how sex differences affect 2 key components of immunity that regulate alveolar bone homeostasis: chemokine biology associated with neutrophil trafficking and osteoimmunology during oral bacterial challenge.
responses as compared with men in standardized endotoxemia models Reynolds 2010a, 2010b) . Moreover, a review of sex-dependent response to acute cardiac injury showed that women, via estrogen, had a dampened acute inflammatory response as compared with men (Kher et al. 2005) . As an example, transcriptional analyses revealed sex differences in the expression of several innate immune genes along toll-like receptor (TLR) pathways and induction of type I interferon responses (Klein and Flanagan 2016) . Following bacterial or viral challenges, the expression of TLR-pathway genes and many proinflammatory signaling genes-including myeloid differentiation primary response gene 88, Janus kinase 2, signal transducer and activator of transcription 3, nuclear factor-κB, interferon γ, and tumor necrosis factor α (TNF-α)-are differentially expressed between sexes (Hannah et al. 2008; Klein et al. 2010) . Additionally, putative androgen response elements and estrogen response elements are present in the promoter regions of several genes that regulate innate immunity, which suggests that sex steroids may directly cause dimorphic innate immune responses (Hannah et al. 2008; Rettew et al. 2010 ).
These differences in innate immune system component gene expression between sexes alter the production of cytokines and chemokines by innate immune cells. Point in fact, peripheral blood mononuclear cells (PBMCs) from human males have long been known to produce more TNF-α than that of PBMCs from females following bacterial lipopolysaccharide (LPS) stimulation (Asai et al. 2001; Moxley et al. 2002) . Indeed, neutrophils in men express higher levels of TLR-4 and produce more TNF-α than do their female counterparts-both constitutive and LPS-inducible expression (Aomatsu et al. 2013) . Because TLR-4 expression is greater on immune cells from males than females, stimulation with LPS results in greater proinflammatory cytokine production by male immune cells, which can be reversed by removal of androgens in male rodents (Rettew et al. 2008) . The sex differential expression of pattern recognition receptors, such as TLRs, is crucial for interpreting sex-specific activity of innate immune cells following stimulation. However, females have the ability to clear bacterial infections more efficiently than do their male counterparts (Fischer et al. 2015) . In part, this is due to the increased phagocytic activity of neutrophils and macrophages in females versus males (Spitzer 1999) .
Since the immune response has many aspects that sex differences were shown to affect, see the most recent comprehensive review on this topic (Klein and Flanagan 2016) . Herein, we focus on 2 aspects where current evidence supports sexual dimorphism during oral bacterial infectious disease: neutrophil trafficking and osteoclastogenesis. Sex differences of other inflammatory mediators during oral infections are described in the Appendix. Here, we include recent information on hormonal control of interleukin 1β (IL-1β) in oral infections, with sex differences in the complement system. We highlight information on sex differences in eicosanoid expression and sexdependent gene regulation through genomic imprinting and research opportunities relative to sex differences with many of these mediators in oral disease.
Sex Differences in Chemokine Biology Associated with Neutrophil Trafficking
In general, oral infectious diseases, including periodontal diseases and endodontic infections, lead to the destruction of the alveolar bone and surrounding tissues that support the dentition. The current paradigm of periodontal and endodontic bone loss supports the predominate role of host inflammatory response for tissue destruction (Kirkwood et al. 2007; Graves et al. 2011) . Large epidemiologic studies indicate that males have a higher degree of periodontal disease susceptibility and progression/severity than do females after controlling for all major covariates (Shiau and Reynolds 2010a) . During periodontal and periapical disease initiation, neutrophils are critical meditators of inflammation and are the first cells to migrate to the local site of infection (Graves et al. 2011; Mantovani et al. 2011 ). Once at the infected site, neutrophils function to secret proinflammatory cytokines and reactive oxygen species to clear the pathogen and perpetuate the host immune response (Mantovani et al. 2011) . Moreover, resolution of inflammation via downregulation of neutrophils can be a key determinant between a normal immune response and pathogenicity. One of the key aspects of bacterial-driven bone loss is persistent inflammation driven by infiltrating leukocytes in response to infection.
Sex differences in the neutrophil recruitment and chemokine expression between male and female mice were observed in periodontal and periapical infection models (Scotland et al. 2011; Valerio et al. 2017) . Figure 1 shows that in response to oral commensal bacterial infection, a large number of infiltrating cells were positive for a neutrophil-specific marker (Ly6G) in a sex-dependent manner (Valerio et al. 2017) . Numerous chemoattractants at the site of inflammation in vivo suggested that overlapping signals govern neutrophil recruitment. However, studies from mouse models indicated that these signals collaborate temporally and spatially to ensure that innate immune cells faithfully respond and reach the site of infection (Sadik et al. 2011) . Neutrophil release from the bone marrow is a rapid way to increase the number of circulating neutrophils to be recruited into tissues in response to infection. Therefore, neutrophil egress represents a critical step in response to periodontal pathogens and periodontal disease progression. Chemokines control the retention and egress from the bone marrow. The CXC chemokine receptor 4 (CXCR4) and its ligand SDF-1 (stromal cell-derived factor 1; or CXCL12) are involved in the trafficking of leukocytes into and out of extravascular tissues. As shown in Figure 2 , CXCR4 retains neutrophils, while CXCR2 promotes their egress (Sadik et al. 2011) . SDF-1/CXCL12 is the ligand for CXCR4, while KC (CXCL1) and macrophage inflammatory protein 2 (CXCL2) are the CXCR2 ligands. Both these murine CXC-chemokines are genetically similar in function to human IL-8 (TekampOlson et al. 1990) . In this system, there is a permanent tug-ofwar between CXCR4 and CXCR2 ligands, with the CXCR4 ligands usually winning to promote neutrophil retention in the marrow. During inflammation, granulocyte colony-stimulating factor mobilizes neutrophils by shifting the balance between CXCR4 and CXCR2 ligands (Bajrami et al. 2016) . Under the current model of neutrophil egress from the bone marrow reserve, CXCL12 functions as the retention signaling, and upon stimulation, the ratio of CXCR4 to CXCL12 increases in favor of CXCR4, thus promoting egress (Sadik et al. 2011) . Patients with periodontal disease had higher levels of CXCL12 in GCF as compared with healthy subjects (Havens et al. 2008) . Indeed, the same study found that patient who underwent mechanical therapy demonstrated decreased levels of CXCL12. Immunohistochemical staining showed that CXCL12 and CXCR4 levels were elevated in periodontal disease tissues in humans and in a preclinical model of periodontitis. Scotland et al. (2011) investigated the role of sex and immune cell infiltration in response to acute infection using a peritonitis model. In that study, they noted that the "female" acute inflammatory response was blunted due to reduced neutrophil recruitment as compared with that of matched male mice. Specifically, the authors found that CXCL12 and CXCR4 were significantly increased in female mice versus males, thus preventing egress. Neutrophils associated with oral periapical bacterial infection in mice were evaluated for CXCL12 and CXCR4 expression as well (Valerio et al. 2017) . While Cxcl12 mRNA was not different between sexes, Cxcr4 mRNA was reduced by nearly half in males, supporting egress as a reasonable explanation of the observed greater neutrophil infiltration in males in response to oral infection.
A crucial component of periodontal health is the recruitment of neutrophils to periodontal tissue to maintain homeostasis. In most studies, use of mice for various inflammatory or infectious models of disease highlight the selectivity of chemokine ligands that operate to facilitate and orchestrate a highly specific temporal and tissue-selective neutrophil-homing response (Sadik et al. 2011) . However, these studies were primarily under microbial-replete conditions where the immune system functioned to maintain homeostasis simply because it carried a massive microbial burden. Between germ-free mice and specific pathogen-free mice, gingival tissues from CXCR2-deficient mice failed to properly recruit neutrophils to the junctional epithelium, thereby revealing this receptor as the major mechanism of neutrophil transmigration into periodontal tissue. Male and female mice (n = 5 per group) were subject to endodontic surgery by root canal exposure, allowing for colonization of oral bacteria into the periapical region. (A) Inflammatory infiltration was measured with hematoxylin and eosin staining. Neutrophil-specific infiltration was measured with a Ly6G-specific antibody and subsequent immunohistochemical staining. Quantitation of (B) inflammatory score and (C) neutrophil infiltration relative to inflammatory score. Pictures are representative independent observations, and graphic analysis is depicted as mean ± SD of an ordinal pathologic scaling system (i.e., staining scale). B, alveolar bone adjacent to root apex; PA, periapical connective tissue. *P < 0.05. Used with permission (Valerio et al. 2017) . Regulation of neutrophil egress from the bone marrow by CXCR4 and CXCR2 ligands. CXCR4 ligand SDF-1 (stromal cell-derived factor 1; or CXCL12) acts to retain neutrophils in the bone marrow, whereas CXCR2 ligands KC (CXCL1) and MIP-2 (CXCL2) promote neutrophil egress. Granulocyte colony-stimulating factor (G-CSF) mobilizes neutrophils by altering CXCR4:CXCR2 ratios. Local CXCL1 and G-CSF also increase neutrophil egress into tissues. Sex differences in chemokines are depicted by arrows.
Thus, CXCR2 is required for periodontal homeostasis through neutrophil homing to healthy periodontal tissue (Zenobia et al. 2013) . Under inflammatory conditions, chemokines CXCL1 and CXCL2, expressed by tissue cells and other activated neutrophils, engage their receptor CXCR2 and activate neutrophils in an autocrine manner (Sasmono et al. 2007; Tester et al. 2007) . In a murine model of Aggregatibacter actinomycetemcomitans oral infection, CXCL1 was the first chemokine to be upregulated and maintained throughout infection (Garlet et al. 2005) .
Once recruited to infected tissues, many cytokines and chemokines are released locally to activate these cells, leading to a subsiding infection. Sex-based differential expression of common cytokines and chemokines that regulate neutrophils in response to infection characterizes the cellular infiltrate in response to oral bacterial infection, as explored with gene arrays. Studies with a periapical model of endodontic infection showed that male mice exhibited enhanced bone loss and inflammatory infiltration as compared with females (McAbee et al. 2012) . The Table summarizes the key findings from  Ly6G + cells isolated and stimulated with bacterial components following short-term exposures (Valerio et al. 2017) . Here, female and male mRNA is expressed in treated cells relative to their own unstimulated controls. These results illustrate that males exhibited a significant increase in chemokines Cxcl1, Cxcl2, Cxcl3, 6 .5-, and 82.07-fold, respectively). Conversely, males expressed significantly less Cxcr2, Cxcr3, and Cxcr4 (−2.69-, −38.09-, and −3.74-fold, respectively; Valerio et al. 2017 ). The Table also shows that male neutrophils have enhanced expression of mRNAs encoding IL-1β, IL-6, and TNF-α (5.2-, 3.86-, and 8.54-fold, respectively). Additional data indicate that male neutrophils express significantly more IL-10 (>11-fold) than that of matched females, with iNOS mRNA expression significantly higher in males (>10-fold) than in females (Valerio et al. 2017) .
Similar findings regarding sex-based differences in autoimmune and other disease states support that these data are not unique to oral infections (Fan et al. 2014; Wang et al. 2017 ). Based on these findings, it is likely that the disparity in bone loss observed between sexes may result in part from neutrophil number, egress, or recruitment pools to the site of infection. Additional studies showed sex-specific induction of chemokine CXCL5/CXCL6 that contributes toward sexual dimorphism in neutrophil recruitment in diverse acute inflammatory responses due to increased stimulation and trafficking of bone marrow neutrophils in males (Madalli et al. 2015) . Other investigators indicated that neutrophils from the spleen, not the bone marrow, may be a source of sex dimorphism (Kay et al. 2015) . Male mice have greater splenic stores of neutrophils, despite similar spleen sizes, thereby signifying another source of potential pathogenic leukocytes. This work demonstrates that males and females have distinct leukocyte-trafficking profiles in inflammation, suggesting that the spleen, not the bone marrow, plays a role in determining sex differences in the available pool of immune cells. Yet another proposed mechanism highlighting the differences in the inflammatory response between the sexes is the presence of proresolving factors in females relative to males (Rathod et al. 2017) . These factors were shown to reduce neutrophil activity and thus overall inflammatory burden. To more fully understand how sex differences in neutrophil responses occur, additional studies focused on sex hormones, specific genes, and chromosomes need to be conducted to address regulation of chemokine production and neutrophil trafficking.
Sex Differences in Osteoclastogenesis during Oral Inflammation and Infection
Bone is a dynamic tissue where homeostasis is currently defined as the balance of osteoclast-mediated bone resorption that is tightly coupled with osteoblast-mediated bone formation in the presence of commensal bacteria (Novince et al. 2017 ). In the absence of a clear bacterial infection, sex differences in skeletal mass and structure are evident; however, the mechanisms governing this process are not completely appreciated. Clearly, sex hormones can regulate bone remodeling in the adult, but there is evidence that sex differences occur before sexual maturity (Callewaert et al. 2010 ). In addition, the genetic determinants that regulate bone mass acquisition, and the levels of androgens and estrogens do not appear to account for all aspects of skeletal sexual dimorphism (Xiong et al. 2009) .
A number of bone-related diseases are characterized by excessive osteolysis, such as osteoporosis and Paget's disease, where there is an uncoupling of bone resorption and bone formation (Jevon et al. 2002) . Although both these diseases are common among the elderly, they have a significant difference in prevalence between the sexes, where osteoporosis is more common in females and Paget's disease in males. Relative to oral bacterial diseases, males have a higher degree of periodontal disease susceptibility and progression/severity than do females (Shiau and Reynolds 2010a) ; males also exhibit a higher degree of radiographic signs of periapical infection (Marquis et al. 2006) . Indeed, systematic reviews of sexrelated differences emerged in relation to periodontitis across regions and nations, which diminishes the possibility that specific extrinsic or environmental factors alone account for differences in disease risk (Shiau and Reynolds 2010a) . However, recent data from the from the 2017 World Workshop on the Classification of Periodontal and Peri-implant Diseases and Conditions indicated that sex and age differences did not meet significance when clinical attachment loss is used as the key endpoint of measure (Needleman et al. 2018) . Thus, sex differences in oral bone loss have been addressed over the past few years, and a brief review of current data is presented here.
While necessary for immune cell recruitment and clearance of the pathogen, the prolonged expression of inflammatory cytokines and chemokines in the oral infectious microenvironment leads to collateral tissue damage and subsequent alveolar bone loss. In fact, multiple studies showed that these same cytokines and chemokines can influence pathogen-driven osteoclastogenesis (Ha et al. 2011; Valerio et al. 2015) . Osteoclasts are bone-resorptive cells that form in response to differentiating cytokines, including macrophage colony-stimulating factor (M-CSF) and receptor activator of nuclear factor-κB ligand (RANKL; Boyle et al. 2003 ; Fig. 3 ). Osteoclasts are of hematopoietic origin and share the same lineage as macrophages. The phenotype of osteoclast progenitor populations in murine bone marrow was characterized by analyzing their cell surface markers. Bone marrow-derived osteoclasts arise from hematopoietic stem cell progenitor populations late in monocyte differentiation and were distinctly defined as CD45R 
CD115
+ in mice (Jacquin et al. 2006) . The inflammatory periodontal microenvironment is rich in cytokines and chemokines necessary to support bacterial-induced osteoclast formation, resulting in pathogenic bone loss . Indeed, it was established that the chemokines CXCL1 and CXCL2 are required to drive LPS-induced osteoclast formation and that blocking their common receptor (CXCR2) blunts pathogenic osteoclast formation (Valerio et al. 2015) .
Data support sex differences in osteoclastogenesis and bone-resorptive activity. Osteoclast precursors from PBMCs in males showed a significant enhancement of bone lacunar resorption activity despite having the same numbers of circulating osteoclast precursors as females, based on in vitro assays (Jevon et al. 2002) . Osteoclast-specific markers were increased in males versus age-matched females. There were also differences found between sexes depending on the reagents used to generate osteoclasts. Interestingly, male osteoclasts were phenotypically much smaller than female osteoclasts when exposed to LPS; however, they were greater in overall number and enzymatic activity. PBMCs from males were more sensitive to vitamin D exposure than were those of females, and osteoclasts formed in cultures from male PBMCs were more active in response to RANKL exposure (Jevon et al. 2002) . These data are consistent with the role of estrogens in females exerting an antiresorptive effect. A more recent study addressed the nature of lacunar resorptive pits formed by osteoclasts from Figure 3 . Sexual dimorphism in osteoclastogenesis. In response to bacterial infection, osteoclast precursor cell populations, initially primed with RANKL/M-CSF, can differentiate into mature osteoclasts in the presence of chemokines, including CXCL1 and CXCL2, as depicted here. Sex-dependent regulation of CXCL1 and CXCL2 contribute toward the differential expansion of osteoclasts. M-CSF, macrophage-colony stimulating factor; RANKL, receptor activator of nuclear factor-κB ligand.
male and female PBMC osteoclast precursors (Merrild et al. 2015) . When osteoclasts are seeded onto bone slices to measure form-resorption pits, they either form round pits or long trenches. Pits are thought to correspond to intermittent resorption, whereas trenches represent a faster rate of resorption that requires distinct assembly of the resorption apparatus. In this study, female osteoclasts had more round pits, whereas male osteoclasts formed trenches and had higher collagenolytic activity and expression of osteoclast maturation markers, consistent with deeper demineralization (Merrild et al. 2015) . Our group also observed more osteoclasts in male versus female mice in a periapical model of bacteria-induced bone loss (McAbee et al. 2012; Valerio et al. 2017; Fig. 4) .
Consistent with these in vitro observations, male mice were reported by our group to have significantly more bone loss than that of females in response to preclinical oral bacterial periapical infection (McAbee et al. 2012 ). In this model, males had an enhanced inflammatory profile and more neutrophil infiltration as compared with females, suggesting sex differences in bacterial-driven osteoclastogenesis. Subsequently, these observations were explored further to understand the role of bacterialdriven neutrophil activity and subsequent osteoclastogenesis between sexes with in vitro models of bacterial-driven osteoclast formation, and they address potential molecular mechanisms that govern sex-dependent susceptibility in oral disease (Valerio et al. 2017) .
Initially, it was demonstrated by immunophenotyping that the murine osteoclast progenitor population CD3 -CD45R -Gr1 -CD11b lo/− CD115 + was reduced nearly 50% in males versus females. Interestingly, no other progenitor populations showed any differences. Osteoclastogenesis with defined osteoclast precursor populations (dOCPs) derived from male and female mice was determined via a protocol to mimic the periodontal microenvironment (Valerio et al. 2015) . Here, dOCPs were first primed with RANKL/M-CSF and then stimulated with LPS derived from A. actinomycetemcomitans, a periodontal organism associated with an aggressive form of periodontitis. All male populations of dOCPs yielded significantly more osteoclasts than matched female dOCPs. To determine if the increased number of osteoclasts observed in males and increased size observed in females were the result of differences in genes involved in osteoclast formation and fusion, dOCPs were analyzed for expression of specific genes associated with osteoclast differentiation. Nfatc1 (NFATc1) and Tm7sf4 (DCSTAMP) mRNAs were expressed significantly more in males than their female counterparts. Earlier studies with vitamin D and RANKL suggested that other osteoclastspecific markers, including tartrate-resistant acid phosphatase, were increased in male versus female PBMC precursors (Jevon et al. 2002) . These studies support the notion of a sexual dimorphism in response to pathogenic infection and indicate that specific osteoclast genes have sexual dimorphic gene expression to explain to phenotypic differences between males and females in oral infectious bone loss. The inherent capacity of dOCPs to differentiate into mature osteoclasts may reside, in part, to sex differences in osteoclast fusion mechanisms. However, additional factors in the inflammatory microenvironment are likely influencing the differences in the size and number of osteoclasts formed between sexes and require further exploration. 
Intersection of the Neutrophil and Osteoclast Pathobiology
Sex differences in numerous chemokines and their receptors with cytokines in the bacterial-laden oral bone microenvironment likely contribute to the sex differences observed in periodontal and endodontic infection-related bone loss. Neutrophils differentially produce significantly more chemokines (Table) in males versus females. Given that inherent osteoclast differentiation potential and response to specific chemokines can induce osteoclastogenesis, an intersection between neutrophils and osteoclasts potentially explains the sexual dimorphism in bacterial-based oral diseases that result in oral bone loss.
All the dOCP precursor populations express CXCL1, CXC2, and their cognate receptor CXCR2. LPS induction of these chemokines following priming with M-CSF and RANKL was shown to induced osteoclast formation (Valerio et al. 2015) . The involvement of CXCL1 and CXCL2 ligands was verified through the use of the cognate receptor CXCR2 with an antibody to block osteoclastogenesis, as well as with use of individual recombinant chemokine ligands CXCL1 and CXCL2 to induce osteoclast formation. Also, while CXCL1 and CXCL2 were effective in inducing osteoclast formation, CXCL2 was more effective and generated larger osteoclasts. Previous work showed that in females, estrogen reduced CXCL2 expression in monocytes treated with LPS (Rettew et al. 2010 ). Interestingly, CXCL1 was upregulated in response to LPS but was not differentially regulated by sex. Another study showed that even in response to commensal bacteria, CXCL2 expression was increased, leading to increased neutrophil recruitment even during periodontal homeostasis in health (Zenobia et al. 2013 ). However, these investigators did not report which sex of mice was used in their studies. Taken together, these data indicate that CXCL2 produced by neutrophils may be key to understanding differences in osteoclast formation and bone loss between sexes.
With respect to observed differences in sexual dimorphism, CXCL10 and CXCR3 expression is most striking (Table) . Female neutrophils treated with LPS saw a modest increase in Cxcl10 (6-fold) and decrease in Cxcr3 (3-fold) mRNA levels. In stark contrast, male neutrophils had a sharp reduction in Cxcr3 (−38-fold) and a large increase in Cxcl10 (82-fold) relative to control. These findings are of interest, as the CXCR3-CXCL10 signaling axis was implicated in neutrophil mediated pathogenesis. Importantly, excessive CXCL10 can contribute to osteoclast-driven bone loss by upregulating RANKL . These data-with previous findings that LPS induces CXCL10, which in turn induces osteoclast formation-suggest that excessive CXCL10 secreted by neutrophils into the inflammatory microenvironment may be a contributor to the excessive bone loss seen in males (Silva et al. 2007 ). As highlighted, Cxcl10 mRNA is elevated over 82-fold in male versus female neutrophils. Peritoneal macrophages from male mice express higher levels of TLR4 and produce more CXCL10 following LPS stimulation than do macrophages from females (Rettew et al. 2008) . Data indicate that CXCR3 and CXCL10 are highly expressed in diseased versus healthy periodontal tissues (Kabashima et al. 2002; Garlet et al. 2003) and associated with higher levels of IFN-γ in these tissues. IFN-γ-producing TH1 lymphocytes are well established in macrophage activation during periodontal disease progression. Indeed, adoptive transfer of Th1 lymphocytes is sufficient for induction of alveolar bone loss (Kawai et al. 2000) . In addition, Th1 is the predominate phenotype in aggressive periodontitis and in experimental models of periodontal disease (Garlet et al. 2003; Garlet et al. 2004; Garlet et al. 2005; Garlet et al. 2006; Silva et al. 2007 ). In contrast, Th2 lymphocytes producing anti-inflammatory cytokines IL-4, IL-10, and IL-13 can attenuate periodontal disease destruction (Onoe et al. 1996; Sasaki et al. 2000; Pestka et al. 2004 ).
In conclusion, we provide a collection of recent evidence in this review to support the concept that in response to oral infection, male neutrophils can more easily egress to the sight of infection and produce greater amounts of inflammatory cytokines and chemokines to preferentially activate infiltration of specific osteoclast precursor populations, present or as they enter the microenvironment, thereby creating more osteoclasts when compared with those of females. Together, these findings highlight that key chemokine ligands are differentially regulated by sex and could be studied further for targeted therapies to reduce inflammation and inflammatory-driven bone loss in oral bacterial diseases.
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